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1. 

SPINDLE MOTOR AND HARD DISK DRIVE 
INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority of Korean Patent 
Applications No. 10-2013-0044786 and No. 10-2013 
0068172 filed on Apr. 23, 2013 and Jun. 14, 2013, respec 
tively, in the Korean Intellectual Property Office, the disclo 
sure of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a spindle motor and a hard 

disk drive including the same. 
2. Description of the Related Art 
In general, a small-sized spindle motor used in a hard disk 

drive (HDD) serves to rotate a disk so that a magnetic head 
may read data stored thereon or write data thereto. 

In addition, the small-sized spindle motor includes a fluid 
dynamic bearing assembly, a bearing clearance provided in 
the fluid dynamic bearing assembly being filled with a lubri 
cating fluid. 

In addition, at the time of rotation of a shaft, the lubricating 
fluid filling the bearing clearance is pumped to form fluid 
dynamic pressure therein, thereby rotatably supporting the 
shaft. 

However, pressure lower than atmospheric pressure, that 
is, negative pressure, may be generated in the bearing clear 
ance by the pumping of the lubricating fluid at the time of 
rotation of the shaft. 

In this case, air contained in the lubricating fluid may 
expand to form air bubbles. When these air bubbles are intro 
duced into a groove pumping the lubricating fluid, Sufficient 
fluid dynamic pressure may not be generated, and vibrations 
may be generated, such that the introduced air bubbles may 
deteriorate rotational characteristics. 

Therefore, a circulation hole for reducing the generation of 
the negative pressure is formed in a sleeve, and the generation 
of negative pressure may be suppressed by the circulation 
hole. 
A configuration in which a circulationhole for reducing the 

generation of negative pressure is formed to be inclined and to 
connect a bearing clearance formed by a sleeve and a cover 
member and a bearing clearance formed by a liquid-vapor 
interface to each other is disclosed in US Patent Laid-Open 
Publication No. 2009-0080819 (Related Art Document). 

However, it may be difficult to process the circulation hole, 
and at the time of processing the circulation hole, a defect of 
the sleeve may be generated. 

RELATED ART DOCUMENT 

(Patent Document 1) US Patent Laid-open Publication No. 
2009-008O819 

SUMMARY OF THE INVENTION 

Anaspect of the present invention provides a spindle motor 
capable of reducing a generation of negative pressure. That is, 
there is provided a spindle motor capable of easily connecting 
a sealing part in which a lipid-vapor interface is disposed and 
a lower end portion of a bearing clearance to each other. 

In addition, an aspect of the present invention also provides 
a motor capable of easily discharging air included in a lubri 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
cating fluid. Particularly, according to the present invention, 
the air is able to be easily separated from the lubricating fluid, 
Such that it may be easy to discharge the air, and air included 
in the lubricating fluid to be circulated in the bearing clear 
ance again may be reliably removed. 

Further, according to the present invention, since a sleeve is 
composed of a single member, a thrust dynamic pressure 
groove formation Surface and a radial dynamic pressure 
groove formation Surface may be processed so as to be accu 
rately perpendicular to each other, thereby further improving 
bearing rigidity. 

According to an aspect of the present invention, there is 
provided a spindle motor including: a sleeve Supporting a 
shaft so that an upper end of the shaft protrudes upwardly in 
an axial direction and a bearing clearance filled with a lubri 
cating fluid formed between the sleeve and the shaft; a hous 
ing provided so as to enclose an outer peripheral Surface of the 
sleeve and forming a circulation hole between the housing 
and the sleeve in the axial direction; and a rotor hub fixedly 
installed on an upper end portion of the shaft in the axial 
direction, wherein a connection part is formed between the 
housing and the rotor hub so as to allow a sealing part on 
which a liquid-vapor interface is disposed and the circulation 
hole to be in communication with each other. 
The connection part may be formed between a first facing 

Surface provided in a circumferential directionatan outer side 
of the sleeve in a radial direction and a second facing Surface 
provided in the circumferential direction inwardly of the 
housing in the radial direction so as to be spaced apart from 
the first facing surface by a predetermined interval. 
An outer side of the connection part in the radial direction 

may be inclined upwardly in the axial direction. 
A cover member preventing leakage of the lubricating fluid 

may be fixedly installed on a bottom surface of the housing. 
The connection part may be opened between the sleeve and 

the housing in the radial direction. 
At least one of a lower surface of the rotor hub and an upper 

surface of the sleeve facing the lower surface of the rotor hub 
may beformed with an upper thrust dynamic pressure groove 
for generating thrust fluid dynamic pressure. 
A lower end of the shaft may be provided with a stopper 

protruding in an outer diameter direction to thereby be caught 
by a lower end of the sleeve. 
At least one of a lower surface of the sleeve and an upper 

surface of the stopper facing the lower surface of the sleeve 
may be provided with a lower thrust dynamic pressure groove 
for generating thrust fluid dynamic pressure. 
The connection part may be continuously provided in the 

circumferential direction. 
According to another aspect of the present invention, there 

is provided a hard disk drive including: the spindle motor as 
described above rotating a disk by power applied through a 
Substrate; a magnetic head writing data to and reading data 
from the disk; and a head transfer part transferring the mag 
netic head to a predetermined position above the disk. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other aspects, features and other advantages 
of the present invention will be more clearly understood from 
the following detailed description taken in conjunction with 
the accompanying drawings, in which: 

FIG. 1 is a schematic cross-sectional view showing a 
spindle motor according to an embodiment of the present 
invention; 

FIG. 2 is an enlarged view of part A of FIG. 1; 
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FIG. 3 is an exploded perspective view showing a sleeve 
and a housing included in the spindle motor according to the 
embodiment of the present invention; 

FIG. 4 is a perspective view showing a coupling relation 
ship between the sleeve and the housing included in the 
spindle motor according to the embodiment of the present 
invention; 
FIGS.5A through5C are reference views showing various 

examples of a circulation hole formed in the spindle motor 
according to the embodiment of the present invention; and 

FIG. 6 is a schematic cross-sectional view of a disk driving 
device using the spindle motor according to the embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the accompanying draw 
ings. The invention may, however, be embodied in many 
different forms and should not be construed as being limited 
to the embodiments set forth herein. Rather, these embodi 
ments are provided so that this disclosure will be thorough 
and complete, and will fully convey the scope of the invention 
to those skilled in the art. In the drawings, the shapes and 
dimensions of elements may be exaggerated for clarity, and 
the same reference numerals will be used throughout to des 
ignate the same or like elements. 

FIG. 1 is a schematic cross-sectional view showing a 
spindle motor according to an embodiment of the present 
invention: FIG. 2 is an enlarged view of part A of FIG. 1: FIG. 
3 is an exploded perspective view showing a sleeve and a 
housing included in the spindle motor according to the 
embodiment of the present invention; and FIG. 4 is a perspec 
tive view showing a coupling relationship between the sleeve 
and the housing included in the spindle motor according to the 
embodiment of the present invention. 

Referring to FIGS. 1 through 4, the spindle motor 100, 
according to the embodiment of the present invention, may 
include a base member 110, a shaft 120, a sleeve 130, a 
housing 140, a rotor hub 150, a stopper 160, and a cover 
member 170. 
The spindle motor 100 may be a motor used in a hard disk 

drive driving a recordable disk. 
Here, terms with respect to directions will be defined. As 

viewed in FIG. 1, an axial direction refers to a vertical direc 
tion, that is, a direction from a lower portion of the shaft 120 
toward an upper portion thereof or a direction from the upper 
portion of the shaft 120 toward the lower portion thereof, and 
a radial direction refers to a horizontal direction, that is, a 
direction from an outer peripheral surface of the rotor hub 150 
toward the shaft 120 or from the shaft 120 toward the outer 
peripheral surface of the rotor hub 150. 

In addition, a circumferential direction refers to a circum 
ferential direction of a circle having a predetermined radius 
based on a rotational shaft. For example, the circumferential 
direction refers to a rotation direction along an outer periph 
eral Surface of the rotor hub 150 or the shaft 120. 

Further, in the present invention, a fluid dynamic bearing 
assembly, including members associated with the principle of 
the bearing utilizing dynamic pressure of a fluid, may include 
members other than the base member 110. That is, the fluid 
dynamic bearing assembly may include the shaft 120, the 
sleeve 130, the housing 140, the rotor hub 150, the stopper 
160, and the cover member 170. 
The base member 110, a fixed member, may configure a 

stator 20. Here, the stator 20, all fixed members except for a 
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4 
rotating member, may include the base member 110, the 
sleeve 130, the housing 140, and the like. 

In addition, the base member 110 may include an installa 
tion part 112 having the housing 140 insertedly installed 
therein. The installation part 112 may protrude upwardly in 
the axial direction and include an installation hole 112a 
formed therein so that the housing 140 may be insertedly 
installed therein. 

In addition, the installation part 112 may include a seat 
surface 112b formed on an outer peripheral surface thereof so 
that a stator core 104 having a coil 102 wound therearound 
may be seated thereon. That is, the stator core 104 may be 
fixedly installed on the outer peripheral surface of the instal 
lation part 112 by an adhesive in a state in which it is seated on 
the seat surface 112b. 

However, the stator core 104 may also be installed on the 
outer peripheral surface of the installation part 112 in a press 
fitting scheme without using the adhesive. That is, a scheme 
of installing the stator core 104 is not limited to a scheme 
using the adhesive. 

In addition, the base member 110 may be manufactured by 
die-casting using aluminum (Al). Alternatively, the base 
member 110 may also be molded by performing plastic pro 
cessing (for example, press processing) on a steel plate. That 
is, the base member 110 may be manufactured by various 
materials and various processing methods, and is not limited 
to the base member 110 shown in the accompanying draw 
1ngS. 
The shaft 120, a rotating member, may configure a rotor 40. 

Here, the rotor 40 is a member rotatably supported by the 
stator 20 to thereby rotate. Meanwhile, the shaft 120 may be 
rotatably supported by the sleeve 130. 

Meanwhile, the shaft 120 may include upper and lower 
radial dynamic pressure grooves (not shown) formed in the 
outer peripheral surface thereof in order to generate fluid 
dynamic pressure at the time of the rotational driving of the 
shaft 120. For convenience, the case in which the upper and 
lower radial dynamic pressure grooves 133 and 134 are 
formed in an inner surface of the sleeve 130 is shown in the 
accompanying drawings. In addition, the upper and lower 
radial dynamic pressure grooves may be disposed to be 
spaced apart from each other by a predetermined interval and 
have a herringbone pattern, a spiral pattern, a helical pattern, 
or the like. 

Meanwhile, a lower end portion of the shaft 120 may be 
provided with the stopper 160 caught by a lower end of the 
sleeve 130 to prevent the shaft 120 from being excessively 
floated. That is, the stopper 160 is provided so as to protrude 
from the lower end of the shaft 120 in an outer diameter 
direction and positioned at a lower portion of the sleeve 130 to 
thereby limit excessive floating of the rotating member 
including the shaft 120, at the time of operation of the motor. 
Meanwhile, an upper surface of the stopper 160 facing a 
lower surface of the sleeve 130 may be provided with a lower 
thrust dynamic pressure groove 135b as described above. 
The sleeve 130, a fixed member configuring the stator 20 

together with the housing 140 and the base member 110, may 
rotatably support the shaft 120 and form a bearing clearance 
C filled with a lubricating fluid. The sleeve 130 may be 
formed by sintering an Cu-Fe-based alloy powder or an 
SUS-based powder. Of course, a manufacturing method of 
the sleeve 130 is not limited to the sintering method, but a 
different method may also be used. 

Meanwhile, the sleeve 130 may be inserted into the instal 
lation part 112 of the base member 110 in a state in which the 
sleeve 130 is fixed to an inner portion of the housing 140 to 
thereby be indirectly fixedly installed on the base member 
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110. That is, an outer peripheral surface of the housing 140 
may be adhered to an inner peripheral surface of the installa 
tion part 112 by an adhesive or by another method. 

In addition, the sleeve 130 may include a shaft hole 132 
formed therein so that the shaft 120 can be inserted thereinto. 
Further, in the case in which the shaft 120 is inserted into the 
shaft hole 132 of the sleeve 130, an inner peripheral surface of 
the sleeve 130 and the outer peripheral surface of the shaft 120 
may be spaced apart from each other by a predetermined 
interval to form the bearing clearance C therebetween. 

Here, the bearing clearance C will be described in greater 
detail. As described above, the sleeve 130 may form the 
bearing clearance C filled with the lubricating fluid. This 
bearing clearance C may mean a clearance formed by the 
shaft 120 and the sleeve 130, a clearance formed by an upper 
end portion of the sleeve 130 and the rotor hub 150, a clear 
ance formed by the housing 140 and the stopper 160, a clear 
ance formed by the sleeve 130 and an extension wall part 152, 
and a clearance formed by the cover member 170 and a lower 
surface of the shaft 120. 

In addition, the spindle motor 100 according to the embodi 
ment of the present invention may have a structure in which 
the lubricating fluid fills the entire bearing clearance C. This 
structure may be called a full-fill structure. 

Meanwhile, the sleeve 130 may include the upper and 
lower radial dynamic pressure grooves 133 and 134 formed in 
the inner surface thereof in order to generate fluid dynamic 
pressure at the time of the rotational driving of the shaft 120. 
In addition, the upper and lower radial dynamic pressure 
grooves 133 and 134 may be disposed to be spaced apart from 
each other by a predetermined interval and have a herring 
bone pattern, a spiral pattern, a screw pattern, or the like. 

Further, an upper or lower surface of the sleeve in the axial 
direction may be provided with a thrust dynamic pressure 
groove 135 for forming fluid dynamic pressure at the time of 
the rotational driving of the rotor hub 150. In more detail, the 
upper surface of the sleeve 130 facing the rotor hub 150 may 
be provided with an upper thrust dynamic pressure groove 
135a for forming the fluid dynamic pressure at the time of the 
rotational driving, and the lower surface of the sleeve 130 
facing the stopper 160 may be provided with the lower thrust 
dynamic pressure groove 135b for forming the fluid dynamic 
pressure at the time of the rotational driving. That is, the upper 
and lower thrust dynamic pressure grooves 135a and 135b 
may be simultaneously provided to form a double thrust 
structure. The thrust dynamic pressure groove 135 may have 
a herringbone pattern, a spiral pattern, a screw pattern, or the 
like. In addition, although not shown, the upper thrust 
dynamic pressure groove 135a may also be provided in a 
lower surface of the rotor hub 150 facing the upper surface of 
the sleeve 130 as well as the upper surface of the sleeve 130. 
Further, the lower thrust dynamic pressure groove 135b may 
also be provided in an upper surface of the stopper 160 facing 
the lower surface of the sleeve 130 as well as the lower surface 
of the sleeve 130. 

In the spindle motor 100 according to the present invention, 
since the sleeve 130 is provided as a single body, the sleeve 
130 may be processed so that the inner surface of the sleeve 
130 in the radial direction and the upper surface of the sleeve 
in the axial direction are accurately perpendicular to each 
other. Therefore, the upper and lower radial dynamic pressure 
grooves 133 and 134 and the thrust dynamic pressure groove 
135 may be formed while being accurately perpendicular to 
each other, Such that bearing rigidity of the spindle motor may 
be improved, thereby ultimately improving performance of 
the motor. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
The sleeve 120 may include a circulation hole 180 between 

the sleeve 120 and an inner surface of a housing 140 to be 
described below. The circulation hole 180 may be extended 
from the lower surface of the sleeve 120 in the axial direction. 

Various formation examples of the circulation hole 180 
will be described below with reference to FIGS. 5A through 
SC. 

In addition, a connection part 190 connected to the circu 
lation hole 180 may beformed between the sleeve 120 and the 
housing 140. The connection part 190 may be formed by an 
outer surface of the housing 140 and an inner surface of the 
extension wall part 152 of the rotor hub 150 and serve to allow 
a sealing part 106 in which a liquid-vapor interface F1 is 
disposed and the circulation hole 180 to be in communication 
with each other. 

That is, the sleeve 120 may include a flange part 136 
protruding in the outer diameter direction at an upper portion 
thereof in the axial direction. An outer side surface of the 
flange part 136 in the radial direction may be formed as a first 
facing surface 136c including a first inclined surface 136a 
having a diameter increasing from a lower portion thereof 
toward an upper portion thereof in the axial direction and a 
first horizontal surface 136b provided at an upper end portion 
of the first inclined surface 136a in the axial direction so as to 
be extended in the outer diameter direction. 

In addition, an inner surface of the housing 140 in the radial 
direction may be formed as a second facing Surface 140c 
including a second inclined Surface 14.0a having a diameter 
increasing from a lower portion thereof toward an upper 
portion thereof in the axial direction and a second horizontal 
surface 140b provided at an upper end portion of the second 
inclined surface 14.0a in the axial direction so as to be 
extended in the outer diameter direction. 

Further, the first facing Surface including the inclined Sur 
face 136a and the first horizontal surface 136b of the sleeve 
120 may face the second facing surface 140c including the 
second inclined surface 140a and the second horizontal Sur 
face 140b of the housing 140. That is, the first and second 
facing surfaces 136c and 140c may be disposed to be spaced 
apart from each other by a predetermined interval, thereby 
forming the connection part 190 between the corresponding 
members. The connection part 190 may have a continuous 
ring shape (annular shape) in the circumferential direction. 

Here, although not shown, the first facing surface 136c may 
be provided with only the first inclined surface 136a up to an 
outer end portion thereof in the radial direction. In this case, 
the second facing surface 140c may only be provided with the 
second inclined Surface 140a up to an outer end portion 
thereof in the radial direction. That is, in this case, the con 
nection part 190 may only be configured of inclined portions 
except for horizontal portions. 
As described above, the first and second facing Surfaces 

136c and 140c may form the connection part 190 in the upper 
portions of the sleeve 120 and the housing 140 in the axial 
direction to connect the circulation hole 180 and the sealing 
part 106 to each other. 
As a result, since the bearing clearance formed by the cover 

member 170 and the lower surface of the shaft 120 and the 
sealing part 106 may be in communication with each other by 
the connection part 190, generation of negative pressure may 
be reduced. 

In other words, since the bearing clearance formed by the 
cover member 170 and the lower surface of the shaft 120 and 
the sealing part 106 may be in communication with each other 
by the circulation hole 180 and the connection part 190, 
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generation of negative pressure in the bearing clearance 
formed by the cover member 170 and the lower surface of the 
shaft 120 may be reduced. 

In addition, the connection part 190 may have the continu 
ous ring shape (annular shape) in the circumferential direc 
tion, such that the extension wall part 152 of the rotor hub 150, 
the rotating member, and the connection part 190 may con 
tinuously face each other in the circumferential direction. 
Therefore, the fluid may smoothly flow, such that additional 
generation of air bubbles may be suppressed. In other words, 
in the case in which the connection part does not have the 
continuous ring shape in the circumferential direction but has 
a shape in which the connection part is in communication 
with the sealing part only at a predetermined point in the 
radial direction, a fluid provided in the connection part and a 
fluid provided in the sealing part 106 may flow differently— 
the fluid in the connection part may not rotate in the circum 
ferential direction, but the fluid in the sealing part 106 may 
rotate in the circumferential direction—, such that air bubbles 
may be additionally formed. 

Therefore, the air bubbles generated in the bearing clear 
ance may be more Smoothly discharged to the outside of the 
bearing clearance by a structure of the connection part 190 
according to the present embodiment. 
The housing 140 may be coupled to an outer peripheral 

surface of the sleeve 130 in a shape in which the housing 
encloses the sleeve 130. More specifically, the sleeve 130 may 
be inserted into the inner peripheral surface of the housing 
140 and coupled thereto by a press-fitting or bonding method. 
Since the upper end portion of the sleeve 130 needs to be 
exposed, the housing 140 may be coupled to the sleeve 130 
except for a part of an outer side surface of the upper end 
portion of the sleeve 130. In more detail, the upper endportion 
of the sleeve 130 may be provided with the flange part 136 
protruding in the outer diameter direction, and the upper end 
portion of the flange part 136 may be provided with the first 
horizontal Surface 126b protruding toward an upper end por 
tion of the housing 140 in the outer diameter direction. 

The housing 140 may be coupled to the outer peripheral 
surface of the sleeve 130 to thereby prevent leakage of oil. 

In addition, the liquid-vapor interface F1, a boundary 
between oil and air, may be formed between the outer side 
surface of the upper end portion of the housing 140 and the 
extension wall part 152 protruding downwardly from the 
rotor hub 150 in the axial direction. That is, the oil may be 
filled in the bearing clearance C, and the oil filled in the 
bearing clearance C may be sealed by a capillary phenom 
enon. In the present embodiment, the sealing part 106 of the 
fluid may be formed between the outer side surface of the 
housing 140 and the inner surface of the extension wall part 
152. A position of an oil interface may be changed according 
to whether or not the motor is in an operation state. 

Therefore, the outer side surface of the upper end portion of 
the housing 140 or the inner surface of the extension wall part 
152 may be tapered so that the oil may be easily sealed. That 
is, the outer side surface of the upper end portion of the 
housing 140 or the inner surface of the extension wall part 152 
may beformed to be inclined so that the interface between the 
lubricating fluid and the air may be easily formed. 

Meanwhile, the cover member 170 may be installed at a 
lower end portion of the housing 140. 
The cover member 170, a fixed member configuring the 

stator 20 together with the base member 110, the sleeve 130, 
and the housing 140, may be installed at the lower end portion 
of the housing 140 to thereby serve to prevent the lubricating 
fluid filled in the bearing clearance C from being leaked to the 
lower end portion of the housing 140. 
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8 
Here, the cover member 170 may be bonded to a lower end 

of the housing 140 by an adhesive and/or welding. 
In addition, the cover member 170 may be provided inte 

grally with the housing 140. In the case in which the housing 
140 and the cover member 170 are provided integrally with 
each other, the housing 140 and the cover member 170 may be 
manufactured integrally with each other by press-forming. 

In addition, a through part 185 for connecting the bearing 
clearance formed by the cover member 170 and the stopper 
160 to a lower end portion of the circulation hole 180 may be 
provided between the bottom surface of the cover member 
170 and the lower Surface of the sleeve 130 in the axial 
direction. The through part 185 may beformed in a portion at 
which the sleeve 130 and the cover member 170 face each 
other. Therefore, the through part 185 may be provided as a 
through groove 185a provided in an upper surface of the 
cover member 170 in the axial direction. However, the 
through part 185 is not limited thereto but may be provided as 
a through groove (not shown) provided in the lower Surface of 
the sleeve 130 in the axial direction. 
The rotor hub 150, a rotating member configuring the rotor 

40 together with the shaft 120, may be coupled to an upper 
end portion of the shaft 120 and include an extension wall part 
152 extended so as to be disposed at an outer side of the sleeve 
130. 

Meanwhile, the rotor hub 150 may include a rotor hub body 
154 provided with an mounting hole 154a into which the 
upper end portion of the shaft 120 is inserted, a magnet 
mounting part 156 extended downwardly from an edge of the 
rotor hub body 154 in the axial direction, and a disk seat part 
158 extended from a distal end of the magnet mounting part 
156 in the outer diameter direction. 

In addition, the magnet mounting part 156 may have a 
driving magnet 156a installed on an inner Surface thereof, 
wherein the driving magnet 156a is disposed to face a front 
end of the stator core 104 having the coil 102 wound there 
around. 

Meanwhile, the driving magnet 156a may have an annular 
ring shape and be a permanent magnet generating magnetic 
force having a predetermined strength by alternately magne 
tization of an N pole and an S pole in a circumferential 
direction. 

Here, rotational driving of the rotor hub 150 will be briefly 
described. When power is supplied to the coil 102 wound 
around the stator core 104, driving force capable of rotating 
the rotor hub 150 may be generated by electromagnetic inter 
action between the driving magnet 156a and the stator core 
104 having the coil 102 wound therearound. 

Therefore, the rotor hub 150 may rotate. In addition, the 
shaft 120 to which the rotor hub 150 is fixedly installed may 
rotate together with the rotor hub 150 by the rotation of the 
rotor hub 150. 

In addition, the above-mentioned extension wall part 152 
may be extended downwardly from a bottom surface of the 
rotor hub body 154 in the axial direction. 
A part of the extension wall part 152 may face the outer side 

surface of the upper end portion of the sleeve 130, and a part 
thereof may be disposed on an outer side of the housing 140. 
That is, since the upper end portion of the sleeve 130 pro 
trudes toward the upper end of the housing 140, the lubricat 
ing fluid may be filled in the bearing clearance formed 
between the upper end portion of the sleeve 130 directly 
facing the extension wall part 152 and the extension wall part 
152. 

Meanwhile, the rotor hub 150 may be provided integrally 
with the shaft 120. 
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In addition, the upper thrust dynamic pressure groove 135a 
for generating thrust fluid dynamic pressure may beformed in 
at least one of the bottom surface of the rotor hub body 154 
facing the upper surface of the sleeve 130 and the upper 
surface of the sleeve 130. Although the case in which the 
upper thrust dynamic pressure groove 135a is formed in the 
sleeve 130 is shown in the accompanying drawings, the case 
is only one example, but the upper thrust dynamic pressure 
groove 135a may be provided in the rotor hub body 154. 

Therefore, at the time of the rotation of the shaft 120, the 
thrust fluid dynamic pressure is generated, whereby the rota 
tion of the rotor hub 150 may be more stably supported. 
FIGS.5A through5C are reference views showing various 

examples of a circulation hole formed in the spindle motor 
according to the embodiment of the present invention. 
The circulation hole 180 allowing the lower portion of the 

sleeve 130 and a lower end of the connection part 190 in the 
axial direction to communicate with each other may be pro 
vided between the sleeve 130 and the housing 140. 

Referring to FIG.5A or 5B, the circulationhole 180 may be 
provided as a circulation groove 180a or a cutting part 180b 
provided in the outer surface of the sleeve 130. 

In the case in which the circulation hole 180 is provided as 
the circulation groove 180a having a groove shape formed 
along the outer surface of the sleeve 130 so as to allow the 
upper and lower portions to be in communication with each 
other, the continuous groove in the axial direction may be 
formed in the side surface of the sleeve 130. Of course, since 
it is sufficient that the circulation hole 180 is in communica 
tion with the connection part 190, the circulation groove 180a 
may beformed up to a portion at which the lower end of the 
connection part 190 is positioned. 

Further, in the case in which the circulation hole 180 is 
provided as the cutting part 180b having a cut side shape 
formed along the outer peripheral surface of the sleeve 130 so 
as to allow the upper and lower portions to be in communi 
cation with each other, the cutting part 180b may be formed 
by partially cutting the side Surface in the axial direction. 
Since the outer peripheral surface of the sleeve 130 and the 
inner peripheral surface of the housing 140 may be provided 
in a circular shape, when the outer peripheral Surface of the 
sleeve 130 is cut in the axial direction, naturally, a space 
spaced apart from the housing 140 may be formed, thereby 
providing the circulation hole 180. In this case, since the 
housing 140 does not enclose the entire outer side surface of 
the sleeve 130, the cutting part 180b may be formed up to a 
portion at which the upper end of the housing 140 is posi 
tioned. 

Next, referring to FIG.5C, the circulation hole 180 may be 
provided as a circulation groove 180c provided in the inner 
surface of the housing 140. 

In the case in which the circulation hole 180 is provided as 
the circulation groove 180c. having a groove shape formed 
along the inner surface of the housing 140 so as to allow the 
upper and lower portions to be in communication with each 
other, a groove continuous in the axial direction may be 
formed in the inner surface of the housing 140. Of course, 
since it is sufficient that the circulation hole 180 is in com 
munication with the connection part 190, the circulation 
groove 180c may be formed up to the portion at which the 
lower end of the connection part 190 is positioned. 

Referring to FIG. 6, a recording disk driving device 300 
including the spindle motor 100 according to the embodiment 
of the present invention mounted therein may be a hard disk 
driving device and include the spindle motor 100, a head 
transfer part 310, and a housing 320. 
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10 
The spindle motor 100 has all the characteristics of the 

motor according to the embodiment of the present invention 
described above and may have a recording disk330 mounted 
thereon. 
The head transfer part 310 may transfer a head 315 detect 

ing information of the recording disk 330 mounted in the 
spindle motor 100 to a surface of the recording disk of which 
the information is to be detected. 

Here, the head 315 may be disposed on a support portion 
317 of the head transfer part 310. 
The housing 320 may include a motor mounting plate 322 

and a top cover 324 shielding an upper portion of the motor 
mounting plate 322 in order to form an internal space receiv 
ing the spindle motor 100 and the head transfer part 310. 
As set forth above, according to the present invention, the 

spindle motor capable of reducing generation of negative 
pressure may be provided. That is, the present invention may 
provide the spindle motor capable of easily connecting the 
sealing part in which the lipid-vapor interface is disposed and 
the lower end portion of the bearing clearance to each other. 

In addition, the present invention may also provide the 
motor capable of easily discharging the air included in the 
lubricating fluid. Particularly, according to the present inven 
tion, the air is allowed to be easily separated from the lubri 
cating fluid, Such that it may be easy to discharge the air, and 
air included in the lubricating fluid to be circulated in the 
bearing clearance again may be reliably removed. 

Further, according to the present invention, since the sleeve 
is composed of the single member, the thrust dynamic pres 
Sure groove formation Surface and the radial dynamic pres 
Sure groove formation Surface may be processed so as to be 
accurately perpendicular to each other, thereby further 
improving bearing rigidity. 

While the present invention has been shown and described 
in connection with the embodiments, it will be apparent to 
those skilled in the art that modifications and variations can be 
made without departing from the spirit and scope of the 
invention as defined by the appended claims. 
What is claimed is: 
1. A spindle motor comprising: 
a sleeve Supporting a shaft so that an upper end of the shaft 

protrudes upwardly in an axial direction and a bearing 
clearance filled with a lubricating fluid formed between 
the sleeve and the shaft; 

a housing provided so as to enclose an outer peripheral 
Surface of the sleeve and forming a circulation hole 
between the housing and the sleeve in the axial direction; 

a rotor hub fixedly installed on an upper end portion of the 
shaft in the axial direction and comprising an extension 
wall part protruding downwardly from the rotor hub in 
the axial direction and facing the sleeve and the housing 
in a radial direction; 

a sealing part on which a liquid-vaporinterface is disposed 
is formed between the housing and the extension wall 
part in a radial direction; and 

a connection part is formed in the radial direction, the 
connection part connecting the sealing part and the cir 
culation hole to be in communication with each other 
and an outer end of the connection part in the radial 
direction being connected to the sealing part. 

2. The spindle motor of claim 1, wherein the sleeve com 
prises a flange part protruding in the outer diameter direction 
at an upper portion thereof in the axial direction, and 

wherein the connection part is formed between a first fac 
ing Surface provided in a circumferential direction at a 
lower face of the flange part in the axial direction and a 
second facing Surface provided in the circumferential 
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direction at an upper face of the housing in the axial 
direction so as to be spaced apart from the first facing 
surface by a predetermined interval. 

3. The spindle motor of claim 2, wherein an outer side of 
the connection part in the radial direction is inclined upwardly 
in the axial direction. 

4. The spindle motor of claim 1, wherein a cover member 
preventing leakage of the lubricating fluid is fixedly installed 
on a bottom surface of the housing. 

5. The spindle motor of claim 1, wherein at least one of a 
lower surface of the rotor hub and an upper surface of the 
sleeve facing the lower surface of the rotor hub is formed with 
an upper thrust dynamic pressure groove for generating thrust 
fluid dynamic pressure. 

6. The spindle motor of claim 5, wherein a lower end of the 
shaft is provided with a stopper protruding in an outer diam 
eter direction to thereby be caught by a lower end of the 
sleeve. 

7. The spindle motor of claim 6, wherein at least one of a 
lower surface of the sleeve and an upper surface of the stopper 
facing the lower surface of the sleeve is provided with a lower 
thrust dynamic pressure groove for generating thrust fluid 
dynamic pressure. 

8. The spindle motor of claim 2, wherein the connection 
part is continuously provided in the circumferential direction. 

9. A hard disk drive comprising: 
the spindle motor of claim 1 rotating a disk by power 

applied through a substrate; 
a magnetic head writing data to and reading data from the 

disk; and 
a head transfer part transferring the magnetic head to a 

predetermined position above the disk. 
k k k k k 
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